INTRODUCTION
Scientific explanation of the initiation and growth mechanisms of a crack on a bimaterial interface is fundamental for understanding the fracture process in materials like composites and ceramics. The very important mechanism of fracture of fiber-reinforced composites and whisker-reinforced ceramics is, for instance, debonding between the substrate and reinforcing phases. This failure process can be quasistatic or dynamic, depending on the type of loading to which the composite structure is subjected.
Due to complexity of the problem, there are only a few theoretical results of dynamic crack growth of some fracture problems. Those results provided insight in the dynamic behavior only in the immediate vicinity of the crack tip. In order to formulate a mechanism of initiation and dynamic crack growth at bimaterial interfaces, it is necessary to know the complete spatial structure of the stress and strain fields that surround the tip of a moving interfacial crack.
Experimental investigations of deformation fields at the tip of the interfacial crack were carried out by Tippur and Rosakis (1991) and Rosakis et al. (1991) using an optical method of the Coherent Gradient Sensor (CGS) and very high-speed photography. The bimaterial system that they used was the PMMA (polymethylmetacylate)/Aluminum combination. The considered speeds were up to 90 % of Rayleigh's wave speed for PMMA. Guided by this investigation, Yang et al. (1991) obtained structure of the elastodynamic field in steady state growth conditions of an interfacial crack. Furthermore, Deng (1992) gave the asymptotic series representation of the stress field near the tip of a running interfacial crack in a bimaterial system under steadystate conditions. Also, inspired by experiments of Tippur and Rosakis's (1991), Lo et al. (1992) have performed a numerical analysis of the same bimaterial system as was used in the experiments. In paper of Liu, Lambros and Rosakis (1993) is given the asymptotic structure of the near tip fields for a crack in bimaterial system, for the non-uniform crack growth. Using the programming package Mathematica ® , , analyzed the structure of the strain field in terms of the non-uniform growth of crack on bimaterial interface. All of those analyses were related to the elastic isotropic body.
For anisotropic bodies, the non-uniform crack growth in terms of Mode I is investigated by Willis (1992) , while Nikolic et al. (2010) , analyzed the structure of the stress field at the crack tip that dynamically propagates along the interface between two orthotropic materials.
PROBLEM FORMULATION
For the dynamic crack propagation case, shown in Figure 1 , the equilibrium equations are substituted by the equations of motion, which are, in the absence of the volume forces, given as:
The stiffness tensor C ijkl and the material density ρ have different values for materials 1 and 2. Superscripts (1) and (2) will be attached when distinction is necessary. It is assumed that material 1 has the lower value of the Rayleigh's wave speed c R , as well as that the crack propagates with the velocity ) t ( v    , which is smaller than c R . The movable coordinate system (ˆ, x y ) is fixed at the crack tip. Thus, for the movable system, equations (1) become:
where ,( ) ( ) x      . Elastic constants depend on the crack tip velocity v, in the following way:
where δ ij is Kronecker's delta and ˆĵ k
For the orthotropic materials, for the planar problem, elastic constants are: 
The following variables: 
2 ( )
The roots p 1 and p 2 of the equation (5), are:
Hermitian matrices necessary to the analysis, B and H are defined by:
The matrices from equation (9) are defined in Nikolic at al. (2010) and for case of two orthotropic materials become: 
where R is the Rayleigh's wave function, defined as: 2 2  2  22  22  12  2  2  66 66 66
Rayleigh's wave speed c R is a solution of equation (11) 
CRACK TIP STRESS FIELD
For analyzing the problem of a crack on the interface between the two anisotropic materials, the 3×3 matrix H is used, which depends on elastic constants of both materials and which has the modulus of elasticity dimensions. The structure of the stress field at the crack tip which propagates dynamically is described by equation, Yang et al. 
where β is one of the two Dundurs's parameters that is defined by:
where tr{} denotes the matrix trace. The Eigen vectors w and w 3 are the complex and real variable, respectively, and all of these variables are dimensionless The near tip stress field for an interface crack is a linear combination of the two types of fields, a coupled oscillatory field, defined by a complex stress intensity factor K, and a non-oscillatory field, scaled by a real stress intensity factor K 3 , Hutchinson and Suo (1992):
where r and  are polar coordinates and i, j = x, y, z, t t it   rotates with variation of r. The physical meaning of the unit vectors w and w 3 is obvious: the projection of the t 3 component onto w 3 has the square root properties. In the plane whose axes are Re(w) and Im(w) the component t rotates and has the square root characteristics. The crack opening displacement vector is:
The relation between the two energy release rates K and K 3 and the energy release rate is:
For 
Parameters  and  measure anisotropy in the sense that for  = 1 material has the cubic symmetry and for  =  = 1 material is isotropic.
Dundurs parameter β for the case of orthotropic material is defined by: 
The force components on the interface, are: 
The complex component, as can be seen from equation (25), has the multiplier, Nikolic and Djokovic (2011):
which for the majority of polymers ranges between 1 and 2, and which is called the traction resolution factor, Djokovic i Nikolic (2012). The relation between the energy release rate and K and K 3 is: 
where τ is the dimensionless real parameter which is called the energy factor and it has the form, Djokovic 
Parameters ε, η and τ depend on the speed of the crack tip. In Figure 2 is shown the dependence of parameters ε, η and τ on the speed of the crack tip for material combination with identical densities and Poisson's ratio of 0.3.
From the Figure 2 (a) one can see that, the oscillatory index, ε, increases with crack tip speed, v. In Figure 2 (a) is shown the variation of the oscillatory index as a function of the stiffnesses ratio (2) (1) 66 66
, where this ratio ranges from 1, for the case of the isotropic material, to 10, for the case of the large difference in stiffnesses. The oscillatory index increases with the increase of the difference in stiffnesses. It can be seen that for v ≈ 0.8 c R the dynamic oscillatory index is twice bigger than for the stationary case value.
Figure 2(b) shows that the traction resolution factor, η, weakly depends on the stiffnesses ratio but strongly depends on the speed of the crack tip. This means that the mode mixity changes with speed of the crack. This is significantly different from the behavior of the energy factor, τ, as seen from Figure 2 (c).
In Figures 3 and 4 are shown the Mode I and Mode II angular stresses distribution for three different values of crack tip speed and two stiffness ratio, λ = 1 and λ = 10.
From Figure 3 one can see that, the maximum of the hoop stress, σ θθ , under Mode I loading at high crack tip speed is at about 60° from the crack plane for the isotropic material (λ=1), what suggests that the dynamic branching of a crack has to be taken into account. For anisotropic material, for the case of the large difference in stiffnesses (λ=10), value of this stress is even higher, which means that the interfacial crack may have branch out, in terms of dynamic crack growth. Figure 3 shows also that, at high crack tip speed, in material below the interface, material 2, develops a significant radial stress, σ rr ,. This could be cause cracks on the substrate as the main crack propagates. Figure 4 shows that the effect of differences in the materials through an interface on the angular stress distribution is less pronounced under the Mode II loading. Dynamic stress intensity factors for a semi-infinite crack on an interface between two anisotropic materials are, Yang et al. (1991) :
where t and t 3 are defined in equation (25). Dynamic stress intensity factors for a central crack of length 2a subjected to remote uniform stresses on an interface between two anisotropic materials are, Yang et al. osh (2 ) ( )
CONCLUSION
In this paper is considered the behavior of the characteristic parameters of dynamic crack propagation along the interface between two anisotropic materials. The emphasis is on the application of the fracture mechanics concept for the interfacial crack that propagates dynamically, at high speed. In this work is analyzed the behavior of three characteristic parameters of dynamic fracture, namely: the oscillatory index, the traction resolution factor and the energy factor depending on the speed of the crack tip and stiffnesses ratio.
It was noted that the value of the oscillatory index increases with the speed of crack propagation and tends to infinity as velocity approaches the Rayleigh wave speed of the less stiffer of the two materials. The traction resolution factor strongly depends on the speed of the crack tip, but weakly on the stiffness ratio. This means that the mode mixity changes with speed. The energy factor acts contrary to the traction resolution factor, with increasing speed of the crack tip, i.e. it depends more on the stiffnesses ratio than the speed of the crack tip.
The angular stress distribution ahead of the crack tip along the interface between the two anisotropic materials for different values of crack tip speed are shown in this paper. Based on that, it can be concluded that dynamic crack growth along the interface between two anisotropic materials is followed by a series of events that are not encountered in homogeneous materials or in the case of steady state conditions of growth of the interfacial crack between isotropic materials.
In this paper are also given expressions for dymanic stress intensity faktors for anisotropic bimaterials for the two basic configurations on an interface, a semi-infinite crack and a central crack.
Results presented in this paper can serve as guidelines for micromechanical modeling of materials, because, for composite materials, analysis of dynamic crack propagation along the interface will help to model and to design against failure. 
